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The first application of electricity to the
study of excitability of nerve and muscle was
at the latter half of the 19th Century when
Erb (1883) described the galvanic-faradic
test. Lord Adrian was the first to demon-
strate the clinical application of strength-
duration curves, and they became widely
used in the assessment of peripheral nerve
injuries during the 1939-45 War" Electro-
myography, or the study of the electrical
activity of muscles by means of needle elec..
trades, was first employed about forty years
ago in animal research work but soon after..
wards was also applied to the study of clinical
problems.
The demonstration by Hodes, Larrahee
and German in 1948 that the conduction
velocity of impulses in motor nerve fibres
could be determined in man, enabled precise
measurements to be made of peripheral nerve
function. Further advances were made in
the field of clinical electrophysiology when
Dawson (1956) showed that electrical activity
in the sensory fibres of human peripheral
nerves could also be recorded and measured ..
A number of different electrodiagnostic
techniques, many of which are now obsolete,
have been employed in the assessment of
peripheral nerve injuries. Some of these will
be considered briefly, and an attempt will be
made to assess their relative merits and their
place in the investigation of disorders of
peripheral nerve and muscle.
OBSOLETE ELECTRODIAGNOSTIC TECHNIQUES
It may seem presumptuous to dismiss as
obsolete some of the classical electrophysio-
logical techniques which are described in
many textbooks. However, most authorities
would accept that the investigations men..
tioned below have little or no place in modern
electrodiagnosis. (Wynn Parry, 1964)
Faradic-galvanic test
The classical view was that a faradic
stimulus evoked no response in a denervated
muscle, whereas a galvanic current caused a
sluggish response. It has been sholvn that
the reaction to galvanic and faradic currents
applied to muscle are correctly interpreted
only in about 50% of cases; the test is there-
fore inaccurate and unreliable, and ought to
be discarded.
Polar formula
It is said that a smaller current is required
to stimulate a normally innervated muscle
when the cathode is used as a stimulus and
the current closed, than when the anode is
used as a stimulus. The reverse obtains
with a denervated muscle. However, this
test has also been shown to be unreliable,
and it therefore ought to be discarded.
Measurement of rheobase and chronaxie
Rheobase is the minimum current which,
when allowed to flow for an infinite time
(in practice, 100 msec or more) will cause
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a muscle contraction. Chronaxie is the mini-
mum time for which a current of intensity
twice rheobase must flow to cause a muscle
contraction.
Since rheobase and chronaxie are increased
in denervated muscles, they have been
employed as a means of obtaining evidence
for denervation and reinnervation of muscle,
and for assessing the prognosis of nerve
injuries. However, the values vary greatly
with such variables as temperature, blood
supply, electrode size, and skin resistance.
Much better and more accurate electrodiag-
nostic methods are available.
ELECTROPfIYSIOLOGICAL TECHNIQUES
OF PRACTICAL VALUE
Strength-Duration Curves
The principles of strength-duration curves
and their clinical application in determining
the presence of denervation in a muscle are
well known and require no detailed descrip-
tion. A stimulator with a variable current or
voltage output and a variable stimulus dura-
tion is required. The muscle to be tested
should be well illuminated and warm. The
stimulating cathode is placed over the motor
point of the muscle. The rheobase is first
of all determined with a 100 msec pulse, by
observing the stimulus output at which a
minimal contraction occurs. The duration
of the stimulus is then reduced by successive
steps (100 msec, 30 msec, 3 msec, 1 msec,
0.03 msec, and 0.01 rnsec) and the stimulus
strength required for minimal contraction
determined at each interval. With practice,
the whole procedure takes only a few minutes,
and the strength duration curve is plotted
from the results obtained. The configurations
of curves for normal and completely de-
nervated muscles are characteristic; partial
denervation may be revealed by a hump or
irregularity in an otherwise smooth curve.
Strength...duration curves offer a cheap,
quick, simple, and reliable method of assess~
ing the state of innervation of a muscle. The
limitations of the technique are:
(i) it does not localize the site of
neuronal damage. For example, the
strength-duration curve of a de-
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nervated muscle will have the same
appearance whether the lesion lies
in anterior horn cells, motor roots
or peripheral nerve.
(ii) in a bulky muscle, such as tIle quadri-
ceps femoris, only the superficial
muscle fibres will be accessible. It
is possible to have normal innervation
of the superficial muscle fibres, with
denervation of those which lie more
deeply.
(iii ) strength-duration curves assess only
the state of motor innervation of
muscle, and give no indication of
damage to sensory fibres. However,
in the common situation when the
site of a lesion is known, and it is
of particular interest to follow the
progress of reinnervation of the ap-
propriate muscles, strength-duration
curves provide a simple and reliable
means of so doing. When more
precise information is required about
disorders of peripheral nerve and
muscle, it can usually he obtained
from electromyography and nerve
conduction studies. These investi-
gations must be performed by
medical staff who have been ade..
quately trained in the field of applied
electrophysiology.
Electromyography
Electrical activity is recorded from muscle
fibres by means of fine needle electrodes
inserted into the body of the muscle. The
action potentials are amplified and displayed
on a cathode ray oscilloscope where they
may be seen and photographed. It is also
very helpful to hear the electrical activity
over a loud-speaker.
In a normal, resting muscle there is COID6
plete electrical silence. However, in a resting
muscle which has undergone recent denerva-
tion, spontaneous electrical activity derived
from denervated muscle fibres can be
recorded.. This is known as spontaneous
fibrillation. A period of 10M 21 days may
elapse after a nerve injury before spontaneous
fibrillation can be recorded from the dener-
vated muscle. In addition to the presence of
ELECTRODIAGNOSTIC TECHNIQUES 9
spontaneous activity at rest in muscles which
have undergone recent denervation, there are
also differences from the normal in the elec-
trical activity during a maximum voluntary
effort. In the normal muscle, the electrical
activity forms a complex interference pattern
in which the shapes of individual motor units
cannot be distinguished" However, in partially
denervated muscle, single motor units, often
abnormal in appearance, may be recognised
during a maximum voluntary effort.
In a completely denervated muscle no
electrical activity will follow an attempted
voluntary effort; when reinnervation occurs,
units will be seen to discharge. In muscular
dystrophy and other forms of myopathy in
which the muscle rather than the nerve is
primarily affected, a completely different
picture of electrical activity is seen during
a voluntary effort. The interference pattern
is characterised hy the presence of very brief
components, and the individual motor units
are of low amplitude and short duration.
In assessing the extent and severity of
nerve injury, it is important to examine
electromyographically a number of different
muscles. Considerably more information
may be obtained, however, by combining
electromyography with electrophysiological
investigations on the peripheral nerves them..
selves.
Nerve Conduction Studies
Motor conduction
If the action potential of a muscle is
recorded following electrical stimulation of
a nerve at two sites, the time taken for the
impulse to travel between the two points may
be calculated" If the distance between the
1'\'\'0 points is also measured, it is a simple
matter to calculate the speed of conduction
in the fastest conducting motor fibres of the
nerve. The motor conduction velocity in the
median and ulnar nerves of the forearm is
usually between 50 and 60 metres/second.
Conduction velocities may be slowed follow-
ing nerve injuries, and in neuropathies. The
site of nerve damage may he localized,
because conduction is usually slowed to a
much greater extent across and distal to a
lesion than it is above" For example, in a
compressive lesion of an ulnar nerve at the
level of the elbow, the motor conduction
velocity may be 60 metres/second in the
upper arm above the elbow, but only 20
nletres/second in the distal forearm segment
of the ulnar nerve below the elbow. A
similar technique can be applied to determine
conduction velocities in most of the accessible
peripheral nerves, e.g., median, ulnar, radial,
medial and lateral popliteal, sciatic and
femoral nerves.
Sensory conduction
Action potentials generated by the passage
of impulses in nerve fibres may be recorded
from human peripheral nerves following their
electrical stimulation. Since the amplitude
of these nerve action potentials is consider..
ably smaller than those of the action poten-
tials recorded from muscles, often by a factor
of 1000 times, more sophisticated electronic
apparatus is required to record them. Action
potentials may be recorded from most of the
accessible peripheral nerves, and their ampli-
tude and speed of conduction provide a
sensitive measure of peripheral nerve func-
tion. The larger nerve trunks are composed
of both motor and sensory nerve fibres, but
in some instances it is possible to stimulate
sensory fibres selectively. In the case of
the median and ulnar nerves this may he
performed by stimulating the digital nerves
in the appropriate fingers (the digital nerves
contain no motor fibres) and recording the
sensory action potentials from the main nerve
trunks at the level of the wrist. Minor
degrees of nerve injury, which may not be
app,arent on clinical examination and which
may not be revealed by motor conduction
studies can often be detected by these means.
Electrodiagnostic techniques, if properly
employed by those trained to use them, play
a very significant role in the assessment of
peripheral nerve injuries.. Information of
diagnostic and prognostic value may he
obtained from strength-duration curves;
electromyography and nerve conduction
studies provide a more sensitive index of
neuromuscular function, and a means of
localizing the site of nerve injury.
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